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SUMMARY 

% 

Knock -limited small -scale -engine testa vers made of 
1,3,5-trlmethylbenzene, tert -butylbenzene , and 1,2,4-trimethylbenzene 
blended individually in various concentrations with selected base 
fuels. Data were obtained for the aromatics to determine: (a) the 

blending sensitivity, (b) the lead susceptibility, and (c) the sen- 
sitivity of the blends to inlet-air temperature. Published full- 
scale -cylinder data far the aromatics are presented far comparative 
purposes . 

The data indicate that tert -butylbenzene -was usually more effec- 
tive than 1,3,5-trlmethylbenzene in increasing the knock -limited power 
of the base fuels at lean mixtures j 1,3,5-trlmethylbenzene was more 
effective at rich mixtures. 1,2,4-Trimethylbenzene decreased the 
knock -limited power of the base fuels at lean mixtures u n der all con- 
ditions tested and was never so effective as the other two aromatics 
in the rich region. 


INTRODUCTION 

An investigation to determine the effectiveness of aromatic 
hydrocarbons as antiknock blending agents for aviation fuels Is being 
conducted by the NACA at the Cleveland laboratory. A comprehensive 
description of the program and its over -all objectives are presented 
in reference 1. In brief, the program consists In determining: 

(a) the blending sensitivity of the aromatic in base reference fuels, 

(b) the lead susceptibility of the aromatic blends, (c) the sensi- 
tivity of the aromatic blends to inlet-air temperature, and (d) the 
correlation of full-scale and small-scale engine results . 
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Samples of several aromatic hydrocarbons were synthesized, ocr 
purchased, and purified In the Organic Synthesis Section of the Fuels 
and Lubricants Division. E§ch aromatic, after purification, was 
Individually blended with selected base fuels. Enoch -11ml ted per- 
formance data obtained with F-3, F-4, and 17.6 engines for six of the 
aromatics are presented In references 1 and 2. Similar small -scale - 
engine data for 1,3,5-trimethylbenzene (mesitylene), tert -butylbenzene 
and 1,2,4-trlmethylbenzene (pseudocumene) are presented In this report 
which Is part III of a series of five reports covering the above pro- 
gram. In references 1 and 2, as well as In the present report, R-1820 
(3200 single -cylinder -engine data from reference 3 are Included to 
facilitate comparison of small-scale and full-scale engine results. 


APPARATUS, FUELS, AND TEST PROCEDURE 

A description of the engines and the engine conditions used for 
the tests may be found In reference 1 for the 17.6 engine, the 
F-3 engine, and the "research" F-4 engine. The F-4 engine is not a 
package unit but is operated under F-4 test conditions and called the 
F-4 engine throughout this series of reports. 

The physical constants for purified samples of the three aro- 
matics tested* are presented in the following table and serve to 
indicate the purity of the samples used: 


Aromatic 

Freezing 

point 

(°c) 

| Boiling 
'point 

(°c) 

index of 
refraction 
1^2° 

Density 
at 20° C 
(gram/ml) 

1,3,5 -Trims thylbenzene 
ter t -Butylbenz ene 
1, 2 , 4-Trimethylbenzene 

-45.30 

-57.96 

-44.27 

164.9 

169.2 

169.4 

1.4990 

1.4926 

1.5048 

0.8649 
.8663 
.8757 . 


The composition of the test fuel blends and an outline of the 
tests with the 17.6 and F-4 engines are given in the following 
table: 
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Engine 

Inlet -air 
temperature 
-<°F) 

Percentage 
aromatic' 
In' blend 

Base Fuel 

Tetraethyl 
lead in 
final blend 
(ml/gal) 

“IT. 6 

250 

0,10,20 

E 

o 


100 

0,20 

8-3 

0 


250 

0,10,20 

8-3 

■ 4 . 


100 

0,20 

8-3 

4 .. 


250 

0,25' 

85% 8-3 + 15% M-4 

4 


100 

0.25 

85% 8-3 + 15% M-4 

4 

P-4 

225 

0,10,25,50 

85% 8-3 + 15% M-4 

4 


Whenever quantity permitted, the blends were also tested in the 
P-3 engine. 


PRESENTATION AND DISCUSSION OP RESULTS 

The results are presented and discussed in two principal 
divisions: (a) P-4 and P-3 engine data, and (b) 17.6 engine data. 

An index of figures showing in detail the order of discussing tests 
and results in this paper is given in table I. 

P-4 and P-3 engine data. - Die knock-limited performance of 
the base fuel (85 percent S-3 plus 15 percent M-4 plus 4 ml TEL/gal) 
in the F-4 engine is presented In figure 1 (reproduced from fig. 7 
of reference l), and the results for blends of 10, 25, and 50 percent 
aromatics with this base fuel are shown in figures 2, 3, and 4 for 
1,3,5-trimethylbenzene, tert-butylbenzene, and 1,2,4-trimethylbenzene, 
respectively. 

Figures 5, 6, and 7 are graphs showing the variation of knock- 

limited ' imep ratio (imep ratio - lms P ) with 

\ Imep of base fuel / 

aromatic concentration for the blends tested with the F-4 engine. 

The antiknock qualities of the three aromatics, when tested at 
relatively severe engine conditions (F-4),. are well illustrated in 
these figures. At lean fuel-air mixtures, the knock-limited per- 
formance of the aromatic blends -was poor in comparison with that of 
the base fuel; at rich mixtures, additions of 1,3,5-trimethylbenzene 
or tert-butylbenzene resulted in large percentage increases in the 
knock -limited power of the base fuel. As the aromatic concentra- 
tion was changed from 25 to 50 percent, at a fuel -air ratio of 0.10 
the rate of Increase in the knock -11ml ted imep ratio Increased. 

This rate of increase, also observed far other aromatics (refer- 
ences 1 and 2), was of a much greater magnitude for 1,3,5-trimethyl- 
benzene and tert -butylbenzene than far 1,2,4-trimethylbenzene. 
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The E-4 and the 7-3 ratlngsr>of the various "blends are recorded 
in table. H in terms of S-3 plus tetraethyl lead or octane number; 
all ratings are also given as accepted Army-ftavy performance numbers. 

17 .6 engine data. - - The knock-limited performance in the 
17.6 engine of blends containing the aromatics vith either the 8-3 
reference fuel or the 8-3 plus M-4 base fuel are presented in fig- 
ures 8 to 10 for 1,3,5-trimethylbenzene, in figures 11 to 13 for 
ter t -butylb enz ene , and in figures 14 to 16 for 1,2,4-trimethylbenzene 
The data are presented in the following order for each aromatic: 
unleaded blends vith 8-3, leaded blends with 8-3, and leaded blends 
vith the S-3 plus M-4 base fuel; inlet-air temperatures of 250° and 
100° 7 were used. This" order conforms with that in which the tests 
were conducted. Each graph presents data obtained during a single 
operating day. 


In unleaded S-3 blends at an inlet-air temperature of 250° 7, 
additions of 1,3,5-trimethylbenzene (fig. 8(a)) and ter t -butyl - 
benzene (fig. 11(a)) failed to increase the knock -limited power of 
the base fuel at fuel -air mixtures leaner than 0.07, but substantial 
rich-mixture improvements were observed. At an inlet-air temperature 
of 100° p (figs. 8(b) and 11(b)), both aromatics were effective 
antiknock agents at all fuel -air ratios tested. 1, 2, 4-Trimethyl - 
benzene (fig. 14) acted as a proknock agent at fuel -air ratios 
below 0.105 at the higher inlet-air temperature and at fuel -air 
ratios below 0.08 at the lower inlet-air temperature. 


In leaded blends with S-3 at an inlet-air temperature of 250° F, 
additions of ' 1,3,5-trimethylbenzene (fig. 9(a)) and tert -butyl - 
benzene (fig. 12(a) ) increased the knock-limited power of the baBe 
fuel at all fuel -air ratios tested. The lead response of blends 
containing these two aromatics was also noted at an inlet-air tem- 
perature of 100° F. (See. figs.. 9(b) .and 12(b).) At both inlet- 
air temperatures and with few exceptions, greater percentage 
decreases in. knock+limi ted power relative to the base fuel were 
observed for the leaded (fig* 15) than for the unleaded (fig. 14) 

1.2.4- trimethylbenzene blends. " 

The knock-limited performance of the 25 -percent leaded blends 
of the arcmtics with the S-3 plus M-4 base fuel at inlet-air tem- 
peratures of 250° and 100° F are presented in figures 10, 13, and 
16. The addition of either i,'3,5-trim6thylbenzone and tert -butyl - 
benzene increased the knock -lli{il ted power of the base fuel at all 
fuel-air ratios tested and for both inlet-air temperatures. 

1.2.4- Trimeihylbenzene decreased the knock-limited power of the 


BACA ABB Kb. ESDI 6 


5 


'base fuel at fuel -air ratios "below 0.08 at the higher inlet -air 
.temperature and at fuel -air ratios below 0.0? at the. -lover inlet - 
air temperature. " -• 

In general, tert -butylb enxehe was more effective In increasing r 
the knock-limited. Indicated mean, off active pressures of- the base 
fUsis at lean fuel-air mixtures than was 1/3,5-trimethylbonzene, 
which was In most Instances more effective, at rich fuel -air mixtures. ’ 
In contrast" to these two aromatic hydrocarbons. It should be noted 
that 1,2,4-trlmetbylbenzene decreased the knock-limited power of 
the "base fuels at lean mixtures under all conditions tested and was - 
never so effective as the other two aromatics at rich mixtures. 

Figures 17, 18, and 19 ere graphs of koock -limited lmep ratio 
against aromatic concentration for the blend b of the aromatics with 
S-3 tested In the 17.6 engine. The comparative effect of the 
addition of each of the aromatic hydrocarbons at fuel -air ratios 
of 0.07, 0.085, and 0.10 as well as the effect of Inlet-air temper- 
ature and tetraethyl-lead additions are shown by these data. The 
■ trends are In general agreement with those in figures 5, 6, and 7. 

The temperature sensitivities of the aromatic blends relative 
to that of the base fuel are summarized In table III. With few 
exceptions the aroma tip blends were more sensitive to changes of 
Inlet -air temperature than were the base fuels although, as the 
fuel-air mixture was enriched, the temperature sensitivity of the 
aromatic blends in most cases approached that of the base fuel. 

Bata on the lead susceptibility of the aromatic blends relative 
to that of S-3 reference fuel are given in table IV". Tho load sus- 
ceptibilities of blends containing 1,3,5-trimethylbonzene or 
tert-butylbenzene were In nearly all cases greater than that of 
S-3 reference fuel. The response of 1,2,4-trlmethylbenzene blends 
to an addition of tetraethyl lead was, with same exceptions, less 
than that of S-3. 

Summary of engine data. - A summary of the knock -limited data 
obtained with the 17.6 engine, the full-scale cylinder (from ref- 
erence 3), and the F-4 engine Is presented In table V. in order to 
calculate the knock -limited lmep ratios presented therein. It was 
necessary to determine the dally performance of the base fuel. 

Because the S-3 plus M-4 base fuel was not tested each day In the 
F-4 engine, the daily knock -11ml ted, performance curve for this fuel 
was estimated from the available dally performance of S-3 and S-3 plus 
tetraethyl lead and from the data In figure 1. 
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SUMMARY 07 RESULTS 

. i 

From knock -limited tests of fuel "blends containing 1/3,5 -tri- 
methylbenzena , tert -but ylbenz ena or 1,2,4-trimethyl‘benaene, the 
following results were obtained: 

1.. tert -Butyltomeno was usually' more effective than 1,3,5- 
trlmothylhenzene in increasing the knock -limited power of the base - 
fuels at lean fuel -air mixtures; 1,3,5-trimethylbensene was more 
effective at rich mixtures. 1,2, 4-Trimethylbertzene decreased the • 
knock -limited power of the base fuels at lean mixtures under all 
conditions tested end was never so effective as the other two 
aromatics in the rich region. 

2. The knock -limited performance of the aromatic blends was 
generally more sensitive to changes of inlet-air temperature than 
that of the base fuels. 

3. The. data indicate that blends containing either 1,3,5-tri- 
me thy lb snz ene or tert -butylbenzene had greater load susceptibilities 
than S-3 reference fuel; blends containing 1,2,4- trims thy lbenzene 
had lower lead susceptibility than S-3 in most cases. 


Aircraft Engine Research laboratory. 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio 
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TABLE I. - INDEX OP FIGURES 


Figure 

Compound 

Percentage 
aromati c in 
the blend 

Base fuel 

TO >1 

Inlet- 

air 

temper- 

ature 

(Op) 

F-4 engine (knock-limited imep against fuel-air ratio) 

1 


0 


4 

225 

ESI 

1,3, 5- Trimethyl- 

10 

85# S-3 +15# M-4 

4 

225 

■pal 

benzene 

25 




mm 


50 




3(a) 

tert-Butylbenzene 

10 

85# S-3 + 15# M-4 

4 

225 

(b) 


25 




(c) 


50 




4(a) 

1 , 2 , 4 - Trimethyl- 

10 

85# S-3 + 15# M-4 

4 

225 

(b) 

benzene 

25 




(c) 


50 


1 


P-4 engine (knock-limited imep ratio against aromatic 

concentration) 

5 

1,3, 5- Trimethyl- 

0,10,25,50 

85# S-3 + 15# M-4 

4 

225 


benzene 





6 

tert-Butylbenzene 

0,10,25,50 

85# S-3 + 15# V-4 

4 

225 

7 

1,2, 4- Trimethyl- 

0,10,25,50 

85# S-3 + 15# M-4 

4 

225 


benzene 


_ 




17.6 engine (knock- limited imop against fuel-air ratio) 

1 

8(a) 

1,3, 5- Trimethyl- 

0,10,20 

S-3 

0 

250 

(b) 

benzene 

0,20 



100 


1., 3 , 5-Trime thyl- 

0,10,20 

S-3 

4 

250 

Hal 

benzene 

0,20 



100 

n 

1,3, 5- Trimethyl- 

0,25 

85# S-3 + 15# M-4 

4 

250 

m 

benzene 





11(a) 

tert-Butylbenzene 

0,10,20 

S-3 

0 

250 

(b) 


0,20 



100 

reiM 


0,10,20 

S-3 

4 

250 

■Ell 

■HflNIH 

0,20 

. 


100 


tert-Butylbenzene 

0,25 

85# S-3 + 15# M-4 

4 

250 



0,25 



100 

yni 

1 , 2 , 4- Trimethyl- 

0,10,20 

S-3 

0 

250 

■Ell 

benzene 

0,20 



100 

EEDl 

1,2, 4-Trimethyl- 

0,10,20 

S-3 

4 

250 

■KqI 

benzene 

0,20 



100 

EDI 

1 , 2 , 4- Tr iraethyl- 

0,25 


4 

250 

feltQl 

benzene 

0,25 

nhhhm 


100 

17.€ engine (knock-limited imep ratio against aromatic 

concentration) 

17 

1,3,5-Trimethyl- 

0,10,20 

S-3 

■SB 

250,100 


benzene 


- 



18 

Hi i 8 > k'j- * 

0,10,20 

S-3 

mm 

250,100 

19 

1,2,4-Trimethyl- 

0,10,20 

S-3 

0,4 

250,100 


benzene 
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TABLE IE - F-4 AND P-3 EATINGS OF 1,3, 5-TEIMETHYLBENZENE 
tert-BOTYLEENZEHE, AMD 1,2,4 -TRTMETHYLBENZKME BLENDS 


Compound 

Blend composition 

Tetra- 

ethyl 

lead 

(ml/ 

gal) 

F-4 ratings 

F-3 ratings 

(per< 

sent by 

volume ) 

Lean 

Rich 

S-3 + 
ml TEL 

Perform- 

ance 

number 

Pure 

aro- 

matic 

S-3 

refer- 

ence 

fuel 

85 per- 
cent S-3 
plus 15 
percent 
M-4 

S-3 + 
ml TFT. 

Perform- 

ance 

number 

S-3 + 
ml TEL 

Perform- 

ance 

number 

Base fuel 

0 

0 

100 

4 

0.36 

112 

0.26 

109 

0.39 

113 

1,3,5 -Tr imethy Ibenz ene 

10 

0 

90 

4 

0.37 

112 

1.55 

134 

0.53 

117 

tert -Buty Ibenz ene 

10 

0 

90 

4 

.87 

123 

1.26 

130 

.63 

119 

1,2,4 -Trimethylbenzene 

10 

0 

90 

4 

.20 

107 

.05 

102 

.18 

107 

1,3, 5-Trlmethy Ibenz ene 

25 

0 

75 

4 

0.32 

111 

>6.00 


0.76 

121 

tert -Butylbenzene 

25 

0 

75 

4 

.98 

125 

5.72 

160 

.77 

122 

1,2,4 -Tr imethy Ibenz ene 

25 

0 

75 

4 

.00 

100 

.31 

111 

a 98 .8 

1 

96 

1,3,5 -Trimethy Ibenz ene 

50 

0 

50 

4 

0.50 

116 

>6.00 




tert -Butylbenzene 

50 

0 

50 

4 

.45 

114 

>6.00 


i 0.80 

122 

1,2,4 -Trims thy lbenzene 

50 

0 

50 

4 

.13 

105 

3.71 

151 

a 98.0 

93 

1,3,5 -Trimethy Ibenz ene 

10 

90 

0 

4 





3.50 

150 

tert -Buty Ibenz ene 

10 

90 

0 

4 





3.77 

■151 

1,2,4 -Trimethy Ibenz ene 

10 

90 

0 

4 





2.25 

141 

tert -Buty Ibenz ene 

20 

80 

0 

4 

MM 


mgm 


2.43 

142 

1, 2, 4-Trimethylbenzene 

20 

80 

0 

4 

BB 

2933 

BB 


.72 

121 

tert-Butvlbenzene 

10 

90 

o 

o 

■ ■ 


■ ■ 

■ ■ 


98 


10 

90 

0 

0 


BB83 


fmm 


91 

tert -Bufcvl hflrjfinfl 

20 

AO 

o 

n 



■pm 

■■ mt 

aqq o 

aq 

1, 2, 4 -Trimethy Ibenz ene 

20 

80 

u 

0 

0 

BB 

HB 

MB 

BBS 

a 95.8 

87 


a Octane number. 
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TABLE IK - TEMPERATURE SENSITIVITY OF 1,3, 5-TRIMETHYLBENZENE , tert-BUTYLEENZENE, AND 

1,2,4-TRIMErHYLBENZENE BLENDS RELATIVE TO TEAT OF TEE BASE FUELS 

{i.7.6 engine; compression ratio, 7.0; engine speed, 1800 rpm; 
outlet- coolant temperature, 212° F; spark advance, 30° B.T.C.J 


Compound 

Blend composition 
(percent by volume) 

Tetra- 

ethyl 

lead 

(ml/gal) 

Relative temperature 
sensitivity 3. 

Pure 

aromatic 

S-3 refer- 
ence fuel 

85 percent 
S-3 plus 15 
percent M-4 


Fuel 

-air ratio 


0.065 

0.07 

0.085 

0.10 

0.11 

S-3 

0 

100 

0 

0 

1.00 

1.00 

1.00 

1.00 

1.00 

1,3, 5 -Tr imethy lb enz ene 

20 

80 

0 

0 

1.26 

1.22 

3 

1.17 

1.06 

tert-Butylbenz ene 

20 

80 

0 

0 

1.31 

1.29 


1.23 

1.13 

1,2, 4-Trimethylbenzene 

20 

80 

0 

0 

1.10 

1.10 

IEbB 

1.11 

1.05 

S-3 

0 

100 

, 0 

4 

1.00 

1.00 

1.00 

1.00 

1.00 

1 , 3 , 5-Trimethylbenzene 

20 

80 

0 

4 

1.24 

1.21 

1.20 

1.11 

1.05 

tert -Butylbenz ene 

20 

80 

0 

4 

1.04 

1-05 

1.06 

1.04 

1.01 

1,2, 4-Tr imetbylbenzene 

20 

80 

0 

4 

1.04 

1.02 

.99 

1.00 

1.01 

85 percent S-3 + 

0 

0 

100 

4 

1.00 

1.00 

1.00 

1.00 

1.00 

15 percent M-4 










1,3, 5-Tr imethylbenz ene 

25 

0 

75 

4 


— 


— 

— 

tert-Butylbenzene 

25 

0 

75 

4 

1.18 

1.25 

1.15 

1.09 

1.07 

1,2, 4-Trimethylbenzene 

25 

0 

75 

4 

1.12 

1.08 


1.01 

1.01 


National Advisory Committee 

for Aeronautics Imep of aromatic Blend (inlet-air temperature, 100° F) 

o „ . imep of aromatic blond (inlet-air temperature, 250° F) 

Relative temperature sensitivity — — - 

imep of Base fuel (inlet-air temperature, 100 u F) 

imep of "base fuel (inlet-air temperature, 250 < - > F) 

imep ratio (inlet-air temperature, 100° F) 
imep ratio (inlet-air temperature, 250° F) 
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TABLE H - LEAD SUSCEPTIBILITY OF 1,3, 5-TRIMETHYLBENZENE , tert -BUTYL BENZENE, AND 


1,2,4-TEIMETHYLBENZENE BLENDS EELATIVE TO THAT OF S-3 REFERENCE FUEL 

{l7.6 engine; compression ratio, 7.0; engine speed, 1800 rpm; 
outlet-coolant temperature, 212° F; spark advance, 30° B.T.Cj 


Compound 

Inlet -air 
temperature 
(°F) 

Composition 
(percent by volume) 

Relative lead susceptibility 8. 


Fuel 

-air ratio 


Pure 

aromatic! 

S-3 refer- 
ence fuel 

0.065 




0.11 

S-3 

250 


100 

1.00 

1.00 

1.00 

1.00 

1.00 

1 , 3 , 5 -Tr imethylbenzene 

250 

mm 

90 

1.04 

1.05 


1.01 

0.97 

-tert-Butylbenzene 

250 

KB 

90 

1.14 

1.12 


1.04 

.99 

1,2, 4-Trimethylbenzene 

250 


90 

1.00 

1.01 

1.02 

.96 

.93 

1,3, 5-Tr imethylbenzene 

250 

20 

80 

WBM 

1.13 

1.15 

QRffi 

1.04 

tert-Butylbenzene 

250 

20 

80 


1.37 

1.21 

IIB 

1.11 

1 , 2 , 4-Trimethylbenzene 

250 

20 

80 

B3 

1.02 

1.04 

KS 

.90 

S-3 

100 

0 

100 

1.00 

1.00 

1.00 

1.00 

1.00 

1 , 3 , 5 -Tr imethylb enz ene 

100 

20 

80 

nrci 

BB1 

BB1 

1.05 

1.03 

tert-Butylbenzene 

100 

20 

80 


gpjS 


1.00 

.99 

1,2 , 4-Trimethylbenzene 

100 ; 

20 

80 

IB 


B9 

.88 

.86 


imep of aramatlo blend (with 4 ml TEL/ gal) 

imep of aromatic blend (with 0 ml TEL/ gal) 
“Relative lead susceptibility ; 

National Advisory Committee U»ep of S-3 (with 4 ml TEL/ gal) 

for Aeronautics imep of S-3 (with 0 ml TEL/ gal) 

__ imep ratio of aromatic blend (with 4 ml TEL/gal) 

imep ratio of aromatic blend (with 0 ml TEL/gal) 
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TABLK'I 


SUPERCHARGED- ENGINE TESTS OP BLENDS CONTAINING 1,3, 5-TRIHETHYLBENZENE, tart -BUTYL BENZENE, OR 1 , 2 ,4- TRIKSTHYLBENZENE 


I Fuel composition 

Engine 

conditions 

Test results 

Compound 

Blend composition 
(percent by volume } 

Tetra- 
ethyl 
lead 
(ml/gal ) 

Fuel-air ratio 

Engine 

speed 

(rpm) 

Inlet- 
air tem- 
perature 
(°F) 

0.065 

0. 

07 

0.065 

0.10 

0.] 

1 


S-3 

reference 

fuel 

85 percent 
S-3 plus 
15 percent 

M-4 

inep 

lmep 

ratio a 

lmep 

imep 

ratio® 

imep 

imep 

ratio® 

imep 

Imep 

ratio® 

imep 

imp 

ratio® 




17.6 engine 






1,3,5-Trimethylbenzene 

tert-Butylbenzene 

1,2,4-Trimethylbenzene 

10 

10 

10 

90 

90 

90 

0 

0 

0 

0 

0 

0 

1000 

250 

118 

107 

96 

0.96 

.90 

.91 

121 

110 

99 

0.98 

1.00 

.93 

144 

135 

120 

1.03 

1.05 

.95 

179 

169 

140 

1.15 

1.12 

.99 

193 

183 

154 

1.21 

1.19 

1.01 

1,3,5-Trimethylbenzene 
tert-Butylbenzene 
1,2,4-Trime thylbenzene 

20 

20 

20 

80 

80 

80 

H 

H 

1800 

250 

112 

104 

91 

m 

BEa 

0.95 

.95 

.66 

151 

139 

115 

1.06 

1.08 

.91 

198 

173 

143 

1.27 

1.15 

.96 

225 

196 

160 

1.42 

1.27 

1.05 


20 

20 

20 

80 

80 

60 

■a 

0 

0 

0 



Bps 

1.15 

1.24 

.96 

llBral 

1.16 

1.23 

.95 

206 

199 

153 

1.31 

1.32 
1.02 

238 

224 

172 


244 

226 

177 

■ESI 

1,3, 5-Tr imethylbenzene 
tert-Butylbenzene 
1, 2, 4-Trlmethyl benzene 

10 

10 

10 

90 

90 

90 

m 

H 

1800 

250 

180 

206 

170 

m 

ifl%| 

1.03 

1.12 

.94 

251 

252 
221 

1.12 

1.12 

.97 

286 

286 

234 

1.16 

1.16 

.95 

291 

292 
232 

ism 

11 

1,3, 5- Trim ethyl benzene 

tert-Butylbenzene 

1 , 2 , 4 - Tr lae thyl ben zene 

20 

20 

20 

80 

80 

80 

H 

H 

1800 

250 

192 

245 

159 

1.02 

1.32 

.85 


1.07 

1.30 

.88 

278 

293 

215 

mwzm 

KZ1 

344 

334 

232 

1.40 

1.36 

.94 

364 

350 

231 

1.47 

1.41 

.04 


20 

20 

20 

80 

80 

80 

H 

B 




MWKm 

340 

360 

235 


400 

377 

253 

■KM 

m 

419 

384 

255 

1.55 

1.41 

.94 

413 

380 

255 

1.55 

1.42 

.95 


25 

25 

25 

H 

75 

75 

75 

H 

■TjTTtH 

250 

139 

159 

113 

'•'•v M 

161 

165 

127 


228 

214 

162 

1.45 

1.34 

1.01 

eh 

l.se 

1.41 

1.03 

280 

245 

177 

1.66 

1.44 

1.05 

rnmsm 

25 

25 

25 

B9 


H 

1800 

100 











232 

156 

1.46 

.96 

Ei 


260 

184 

1.54 

1.04 

n 

1.54 

1.04 

271 

188 

1.54 

1.06 



1^ 3, 5- Trimethyl benzene 

tert-Butylbenzene 

1,2,4-Trimethylbenzene 

25 

25 

25 

H 

75 

75 

75 

H 



184 

192 

136 

1.19 

1.24 

.80 

196 

204 

13C 

Plr-M 

HI 

304 

261 

208 

m 

371 

331 

238 

1.72 

1.53 

1.10 

352 

255 

1.52 

1.10 

1,3, 5- Trine thyl benzene 

tert-Butylbenzene 

1,2,4-Trimethylbenzene 

25 

25 

25 

0 

0 

0 

75 

75 

75 

4 

4 

4 

2000 

210 

199 

220 

110 

1.34 

1.49 

.74 

210 

225 

132 

1.39 

1.49 

.87 

282 

287 

193 

1.54 

1.57 

1.05 

344 

331 

229 

1.62 

1.55 

1.06 

372 

338 

244 

1.64 

1.49 

1.07 

P-4 engine 

1,3, 5-Tr imethylbenzene 

tert-Butylbenzene 

1,2,4-Trimethylbenzene 

10 

10 

10 

H 

90 

90 

90 

H 

1800 


K!1 

1.09 

1.06 

.92 

128 

147 

134 

1.10 

1.06 

.95 

171 

180 

160 

1.13 

1.10 

.98 

197 

197 

169 

m 

203 

201 

170 

[g| 

1,3, ^Trl me thylbenzene 
tert-Butylbenzene 
1,2, 4-Tr imethylbenzene 

25 

25 

25 

H 


H 



11 

.94 

1.12 

.01 

109 

162 

117 

.95 

1.17 

.85 

191 

213 

161 

1.26 

1.31 

1.02 


1.39 

1.42 

1.03 

255 

258 

176 

ii 

1,3, 5-Trine thylbenzene 

tert-Butylbenzene 

1,2,4-Trimethylbenzene 

50 

SO 

50 

0 

0 

0 

50 

50 

!L_j 

4 

4 

4 

1800 

225 

104 

119 

100 

1.02 

1.06 

.81 

120 

141 

114 

1.04 

1.13 

.83 

242 

230 

166 

1.61 

1.46 

.1.04 

b 480 

393 

206 

b 2.06 

2.28 

1.21 

452 

230 

2.58 

1.34 


a, inep of aromatic blond ^ 

liaep ratlo= — jmap of baco /*uol * ^ or ^ he blonds toatod in the 17.6 engine, 

15 percent N-4 plus 4 ml TEL/gal; in all other Instances, 85 percent s-3 plus 
^Estimated. 


the base fuel was S-3, S-3 plus 4 ml TEL/gal, or 85 percent S-3 plus 
15 percent M-4 plus 4 ml TEL/gal was used. 
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Knock-limited inlet-air 
pressure, in. Hg abs. 



Figure 1. - Knock-limited performance of 85 percent S-3 plus 15 percent M-4 plus 
4 ml TEL per gallon in an F-4 engine. (Keproduced from fig. 7 of reference 1.) 











Knook-limited lmep, lb/sq in. lsfc, lb/hp-hr Knock-limited inlet-air 

pressure, in. He abs. 


HACA ARR No. E5DI6 


Fig. 2a 



(a) 10 percent 1,3,5-trimethylbenzene plus 90 percent (85 percent S-3 plus 15 percent M-4) 

plus 4 ml TEL per gallon. 

Figure 2. - Knock-limited, performance of blends containing 1,3,5-trimethylbenzene in an F-4 
engine . 














Knock-limited imep, lb/sq In. 


2c 


HACA ARR Ho. E5DI6 


F i g 



Fuel-air ratio 

(c) 50 percent 1, 3, 5-tr inethylbenzene plus 50 percent (85 percent S-3 plus 15 percent M-4) 

plus 4 ml TEX per gallon. 

Figure 2. 


lsfc, lb/hp-hr Knoek-llmlted lnlet-alr pressure. In. He abs. 


NACA ARR No 


E5DI6 


2c c one 1 


Fig. 



(c) Concluded. 

Figure 2. -Concluded 



NACA AfiR No. E5DI6 


Fig. 3a 



(a) 10 percent tert-butylbenzene plus 90 percent (85 percent S-3 plus 15 percent M-4) plus 

4 ml TEL per gallon. 

Figure 3. 




Knock-limited Inlet-air 

Knock-limited iraep, lb/sq In. lnfc, lb/hp— hr pressure. In. Hg abs. 


HACA ARR Mo. E 50 I 6 




Fuel-air ratio 


(b) 25 percent tert -butylbenzene plus 75 percent (85 percent S-3 plus 15 percent M-4) plus 4 ml TEL 

per gallon. 

Figure 3. 


Fig. 3c 


NACA ARR No. E5DI6 



(o) 50 percent tert -butylbenzeno plus 50 percent (85 percent S-3 plus 15 percent M-4) plus 

4 ml TEL per ballon. 

Figure 3. 



lsfc, lb/hp-hr Knock-limited lnlet-alr pressure. In. Rg abs. 





Fig. 4a - NACA ARR No. E5DI6 



(a) 10 percent 1,2,4-trimethylbenzene plus 90 percent (85 percent S-3 plus 15 percent M-4) 

plus 4 ml TEL per gallon. 

Figure 4. - Knock-limited performance of blends containing 1,2,4-trimethylbenzene in’an 
F-4 engine . 













Knock-limited imep, lb/'sq In. lsfc, lb/hp-hr 



Knock-limited inlet-air pressure, lr». Hg abs. 









NACA ARR No. E5DI6 


Fig. 5 



Percentage l,3*5“trlmethylbenzene in S5 percent S-3 plus 15 percent 
M-4 base fuel 

Figure 5. - The blending sensitivity of l,3»5 _ trimethylbenzene in S5 
percent S-3 plus 15 percent F-4 engine; final blends leaded to 

4 ml TEL per gallon. 




Knock-limited imep ratio 


Fig. 6 
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Knock-limited imep ratio 


NACA ARR No. E5DI6 


Fig. 7 







Knock-limited Inlet 

Knock-limited lraep, lb/sq In, Isfc, lb/hp-hr pressure, in. Hg 


g 


8a 


NACA ARR No. E5DI6 



Fuel-air ratio 

(a) Inlet-air temperature, 250° F. 

Figure g. - Knock-limited performance of blends of 1 ,3 ,5-trlmethylbensene and S-3 reference 
fuel, 17.6 engine; compression ratio, 7.0; engine speed, 1SOO rpm; spark advance, }0° B.T.C. ; 
outlet-coolant temperature, 212° F. 


Knock-limited lmep ratio 


NACA ARR No. E5DI6 


Fig. 7 







g 


8a 


NACA ARR No. E 50 I 6 



Fuel-air ratio 

(a) Inlet-air temperature, 250° F. 

Figure S. - Knock-limited performance of blends of 1,3 ,5“trlmethylbenzene and S -3 reference 
fuel, 17«6 engine; compression ratio, 7,0; engine speed, 1800 rpm; spark advance, J0° B.T.C. ; 
outlet-coolant temperature, 212° F, 


lsfe, lb/hp-hr 











Fig. 9b 


NACA ARR No. E5DI6 



Figure 9 . - Continued. 
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Fig. 9b cone I 
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(b) Concluded. 

Figure 9. - Concluded. 



Fig. 10 NACA ARR No. E5DI6 



Fuel-air ratio 


Figure 10. - Knock-limited performance of blends of 1,3, 5-triroe thy lbenzene and 05 percent S-3 
tlua 15 percent M-4 plus 4 ml TEL per gallon. 17.6 engine; compression ratio, 7.0; engine 
Bpeed, 1600 rpm; spark advance, 30° B.T.C.; outlet -coolant temperature, 212° F; inlet-air 
temperature, 250° F. 


Knocl£-linit«d inlet-air 

Knock-United lnep, lb/sq In. lsfe, lb/hp-hr presiure, in. Hg »b*. 


NACA ARR No. E50I6 


Fig. I I a 



Figure 11 . - Knock-limited performance of blends of tert-butylbenzene and S -3 reference 
fuel. 17.6 engine; compression ratio, 7»0; engine speed ~ 1600 rpm; spark advance, 30° B.T.C, 
outlet-coolant temperature, 212° F. 












NACA ARR No. E5DI6 


Fig. 12a 



(a) Inlet-air temperature, 250° F. 

Figure 12. - Knock -limited performance of blends of tert -but jlbenzene and S-3 reference 
fuel plus 4 ml TEL per gallon. 17.6 engine; compression ratio, 7.0; engine speed, 
1800 rpm; spark advance, 30° B.T.C.; outlet -coolant temperature, 212° F. 


NACA ARR No. E5DI6 


Fig. 1 2b 



(b) Inlet-air temperature, 100° F. 
Figure 12. - Concluded. 




Fuel-air ratio 

(a) Inlet-air temperature, 250° F. 

Figure 13. - Knock-limited performance of blende of tert -butylbenzene and 85 percent S-3 
plus 15 percent M-4 plus i ml TEL per gallon. 17.6 engine; compression ratio, 7.0; 
engine speed, 1800 rpm; spark advance, 30° B.T.C.; outlet-coolant temperature, 212 F. 
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Knock-limited lnlet-al 

Knock-limited lmep, lb/sq In. isfc, Ib/hp-hr pressure, In. Hg abs 


Fig. 13 b 


NACA ARR No. E5DI6 



(b) Inlet-air temperature, 100° F. 
Figure 13. - Concluded. 
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Fuel-air ratio 

(a) Inlet-air temperature, 250° F. 

Figure 14- . - Knock-limited performance of blends of 1 ,2,4-trlme thylbenzene and S-3 reference 
fuel, 17-6 engine; compression ratio, 7-0; engine 9peed, 1S00 rpm; spark advance, 3°° 
outlet- co.olant temperature, 212° F. 






F i g . - I 4b 
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(b) Inlet-air temperature, 100° F. 
Figure 14. - Concluded. 











NACA ARR No. E5DI6 


Fig. 15b 



Fuel-air ratio 

(b) Inlet-air temperature, 100° F, 

Figure 15. - Concluded. 



Fuel— air ratio 


(a) Inlet-air temperature, 350° F. 

Figure 16. - Knock-limited performance of blends of 1,2,4-trimethylbenzene and 85 percent 
S-3 plus 15 percent M-4 plus 4 ml tkt. per gallon. 17.6 engine; compression ratio, 7.0; 
engine speed, 1800 rpm; spark advance, 30° B.T.C.; outlet-coolant temperature, 312° F. 


























Knock-limited imep ratio 


Fig. 18 
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Percentage tert- butylbenzene in S-} reference fuel 
Figure 18, - The blending sensitivity of tert- butylbenzene in S-3 
reference fuel. 17.6 engine. 
















Knock-limited lmep ratio 
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